INTRODUCTION

15
Previous tidal barrage studies have been conducted to determine the impacts of tidal barrages 
48
Firstly, bulb bodies with inclined stators only were added to the duct centres (Fig. 2) . The Nevertheless, the effect of swirl due to rotor rotation on flow and, importantly, bed shear can be 61 qualitatively assessed.
62
The discharge was set so that the tubes were fully submerged and maximum rotation rate was 
80
The velocities at 0.01m from the bed were also recorded in experiment (2) and (3) only (the 81 ADV that allows this was not available for experiment (1)). The interval spacing for experiment 82 (1) was 0.04m and for experiments (2) and (3) this was refined to 0.01m. The water depths, 83 velocity vectors, and streamwise velocity profiles were used to compare the influence of swirl on 84 the flow kinematics and bed shear stresses.
85
RESULTS
86
Water-Level Variation
87
The experimental water depths downstream of the barrage and at 1D, 2D, 3D, 5D, 10D, 15D 
Velocity Vectors
99
The measured experimental velocities from all three experiments were non-dimensionalised 100 using the upstream reference velocity; the velocity vectors are shown close to the free surface 101 (Fig. 5a ), at the duct centre plane (Fig. 5b) and close to the bed (Fig. 5c) . At the two lower levels, Close to the free surface, however, the jets are no longer evident. There is marked cross- were also non-dimensionalised using the upstream reference velocity and duct diameter: The jet velocity is slightly larger for experiment (3), with stators and rotors. The ratio of 176 upstream reference velocity to duct inflow velocity in experiments (1) and (2) is 4.27, whereas in 177 experiment (3) it is 5.26, so the normalised velocity profile is higher in experiment (3). 195 This is difficult to measure directly, particularly in turbulent flow. It is, however, possible to 196 estimate the bed shear stress from measured, near-bed, velocity profiles assuming the log law.
197
The friction velocity u τ (and, hence, bed stress ) is estimated from the velocity at the 
where U avg is the depth-averaged velocity at 20D and c f = 1.49 is the skin friction coefficient Engineering at the University of Manchester provided by the EPSRC is gratefully acknowledged. 
